We have used the Leiden anaesthesia simulator, which makes use of a standard anaesthesia machine and monitors, and realistically simulates the anaesthesia work place. After obtaining informed consent, 28 anaesthetists and anaesthesia trainees in one hospital took part in the study. All participants were exposed to a pre-scripted simulated "control" scenario of anaphylactic shock (phase 1). The sessions were videotaped and the performances of individual participants were evaluated using a standardized scoring scheme. During phase 2, the participants were allocated randomly to undergo training in the management of either anaphylactic shock (group A, A? = 13) or malignant hyperthermia (group B, n = 15) on the simulator. After 4 months, each participant underwent a blinded evaluation session with a prescripted "test" scenario of malignant hyperthermia (phase 3). These sessions were also videotaped and evaluated as for phase 1. The participants in group B responded more quickly, treated better and deviated less from the accepted procedure during phase 3 than those in group A. The total performance of participants in group B during phase 3 was significantly better than those in group A. We conclude that training on an anaesthesia simulator does improve the performance of anaesthetists in dealing with emergencies during anaesthesia. (Br.
The practice of anaesthesia requires both a high level of vigilance and the ability to deal efficiently and quickly with potentially life threatening situations that may arise during anaesthesia. Some complications associated with anaesthesia are so rare that most anaesthetists will encounter them only occasionally, if at all, during their professional career. Often quoted examples are anaphylactic shock and malignant hyperthermia. Anaesthetists are expected to maintain their competence in managing these complications by reading textbooks, journals or attending appropriate lectures or refresher courses. This is passive learning. However, as in most other walks of life, anaesthetists best retain knowledge by active rather than passive learning. Recently, attention has been focused on the role of anaesthesia simulators in improving anaesthesia training [1] [2] [3] [4] [5] . Simulators are particularly useful for upgrading competence in handling those uncommon but potentially fatal problems that require rapid and correct responses, without exposing a patient to risk. Simulators may also be valuable in maintaining standards of competence of all anaesthetists, particularly in dealing with uncommon situations requiring immediate and correct responses. Simulation is used extensively in industries that involve routine but risky activities. Regular use of simulators in anaesthesia will not only maintain an anaesthetist's efficiency, but will also help in dealing with those rare events that demand quick and appropriate actions to prevent them from escalating into disasters. The aim of this study was to quantitatively evaluate the efficacy of a simulator as a training tool in anaesthesia.
Subjects and methods
The Leiden anaesthesia simulator (LAS), developed by the department of anaesthesia, University of Leiden, The Netherlands, was used. The LAS makes use of a standard anaesthesia machine and monitors. Physiological signals generated by LAS are displayed on the monitors. The simulated patient is a manikin with an anatomically correct airway that can be manipulated and intubated. Drugs can be administered and fluids can be infused into an i.v. cannula inserted into the arm of the manikin. This allows realistic simulation of the anaesthesia work place. This simulator has been described in detail (see accompanying article [6] ).
For this study, two scenarios were constructed, representing clinically plausible situations with relatively rare life threatening emergencies. During these scenarios, a simulated 45-yr-old male, ASA II, presented for laparotomy under general anaesthesia using an opioid-neuromuscular blocking agent balanced technique. Suxamethonium was used to facilitate tracheal intubation and halothane was added as an inhalation agent during maintenance of anaesthesia. The "control" scenario consisted of a pre-scripted simulation of anaphylactic shock (AS) during anaesthesia (table 1) scenario, a pre-scripted simulation of malignant hyperthermia (MH) was presented (table 2) . During all sessions, the target events (AS or MH) were preceded by two totally unrelated distractor events. These included hypertension, hypotension, bradycardia, tachycardia or an appropriate combination of these.
After obtaining informed consent, we studied 28 anaesthetists and anaesthesia trainees in our hospital according to a design shown diagrammatically in figure 1. During the basic evaluation sessions (phase 1), all participants were exposed to the control scenario (AS) on the simulator. The participants were required to diagnose and treat the problem presented as they would have in real life. The sessions were videotaped with a superimposed electronic stop watch for evaluations. Two to 3 weeks later, the participants were allocated randomly to undergo training in the management of either anaphylactic shock (group A) or malignant hyperthermia (group B) on the simulator (phase 2, training sessions). The use of emergency checklists [7] was encouraged during this phase. These sessions were also videotaped for subsequent debriefing and Figure 1 Schematic representation of the study design. AS Anaphylactic shock; MH = malignant hyperthermia. (2) discussion with individual participants at the end of the sessions. After a period of 4 months each participant then underwent an evaluation session with a pre-scripted simulated "test" scenario of malignant hyperthermia (phase 3, end evaluation sessions). The participants were unaware of the type of problem with which they would be presented during this session. They were requested specifically not to discuss this session with other participants in the study. These sessions were also videotaped and evaluated as for phase 1. An investigator, who was not involved with the simulator sessions, transcripted and evaluated the videotapes of the sessions during phases 1 and 3. Times (in seconds) from the start of the target event to when the first treatment step was initiated (response time) were noted. The first treatment step could either have been a non-specific action (for example, administration of 100% oxygen) or a specific action (administration of adrenaline or dantrolene). The relative importance and the order of treatments were obtained from published guidelines [7] [8] [9] [10] [11] . Based on these we developed empirically the scoring systems (tables 3 and 4). In addition, the compliance of participants with the accepted guidelines was evaluated. Deviations from the guidelines were classified as either minor or major. Small changes for drug doses or the order of minor treatment variables were judged as minor deviations. Major deviations included failure to execute or improper execution of a major treatment.
STATISTICAL ANALYSIS
We compared response times, treatment scores, deviation scores and total performance scores of participants in both groups during phase 3, adjusted for their respective scores during phase 1. Analysis of covariance was used. This analysis evaluates the differences between the two groups with respect to any outcome variable by adjusting for baseline measurements. This eliminates the effect of any interindividual variability on the final analysis. The analyses, with the associated regression estimates, were carried out using the commercially available NCSS (Number Cruncher Statistical System), version 5.01 (Dr Jerry L. Hintze, Kaysville, UT, 84037, USA). P < 0.05 was considered significant.
Results
Thirteen participants with average experience in anaesthesia of 5.06 (SD 3.43) yr were trained in AS (group A) and 15 participants with average experience in anaesthesia of 4.61 (4.43) yr were trained in MH (group B) during phase 2. The average response times, treatment scores, deviation scores and total performance scores of participants in group B during phase 3, adjusted for their respective performances during phase 1, were significantly better than the respective average scores of participants in group A during the same phase (table  5 and fig. 2 ).
Discussion
This study shows that anaesthetists trained on a high fidelity anaesthesia simulator respond more quickly, deviate less from the accepted guidelines and perform better in handling crisis situations, such as malignant hyperthermia, during anaesthesia than those who are not trained on the simulator. The first anaesthesia simulator, SIM I, was developed in 1969 by Denson and Abrahamson [12] . It was the first high fidelity, computer-controlled anaesthesia simulator developed for training. Since then several such devices have been developed. Some of these, such as the Comprehensive Anesthesia Simulation Environment (CASE) described by Gaba and DeAnda [13] and the Leiden anaesthesia simulator used in this study, attempt to recreate the reality of the operating theatre en- Figure 2 Comparison of the response times, treatment scores, deviation scores and total performance scores of the participants in groups A (•) and B (*), using analysis of covariance. After asserting that the differences between the groups were not a result of chance fluctuations, two lines with a common slope (group A, ; group B, ) were fitted to the data. The distance between these two lines is the estimated effect of training on group B (table 5). vironment. The trainee is required to provide anaesthesia using conventional apparatus and obtains information about the status of his "patient" from conventional monitors. Abrahamson, Denson and Wolf [14] presented evidence on the effectiveness of SIM 1 in training anaesthesia residents. Their findings suggested that learning intubation skills on the simulator was quicker and safer than learning these in the operating theatre. More recently, attention is again being focused on the role of anaesthesia simulators in improving anaesthesia training. CASE has been used extensively to study the responses of anaesthesia trainees and experienced anaesthetists to simulated critical incidents [1] [2] [3] . It is presently being used as part of Anesthesia Crisis Resource Management training, which is analogous to the Cockpit Resource Management training given to airline pilots [15] . The Gainesville anesthesia simulator is being used regularly to teach basic anaesthetic skills to trainees [4] and as part of continuing medical education courses organized at the University of Florida [16] . Similarly, Anesthesia Simulator Consultant, which is a computer screenbased anaesthesia simulator, is being used for training and teaching [5] . To our knowledge, ours is the first study of its kind which quantitatively establishes the efficacy of a high fidelity anaesthesia simulator in training anaesthetists to manage crisis situations.
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During this study, phase 1 served as a baseline measurement before the actual randomized study was performed. As all participants were exposed to one standard scenario during this phase, the differences between their performances related to their interindividual variability. Eliminating the effect of interindividual variability is essential when attempting to compare the performances of 28 anaesthetists with varying levels of experience. The baseline measurements served as covariates in the final analysis, thus removing the effect of interindividual variability caused by, for example, different levels of experience, on the effect of training. After the training sessions (phase 2), any differences between the two groups exceeding chance fluctuations could only be attributed to the effect of training. The period of 4 months between the training sessions and the end evaluation sessions was fixed arbitrarily.
Analysis of covariance was considered to be the appropriate method for statistical analysis. This method evaluated the differences between the two groups after adjusting for baseline measurements. The analysis estimated the regression lines of phase 3 measurements on phase 1 measurements in both groups. The distances between the two regression lines represent the unbiased estimated differences between the two groups as a result of the effect of training. The vertical distance between the lines at any given point on the X axis is the difference in the phase 3 measurements at that level of phase 1 performance ( fig. 2) . The significance of the slopes of the regression lines, however, is not relevant to this study as the lines simply represent the pre-and posttraining measurements.
Nevertheless, the present study has its limitations. Although observer bias was minimized by having an independent investigator (not involved with simulation sessions) perform the evaluations, it could not be totally eliminated. Moreover, there are reasons to believe that some participants did have previous knowledge of the scenarios that were likely to be presented. This might have influenced their performance during the evaluation sessions. Another factor likely to influence performance on a simulator is the fact that simulation is not reality. Simulator experiences on the LAS were judged to be highly realistic by 28 subjects [6] . Nonetheless, even in a perfect simulator, the subject knows that it is a simulator and not a real situation. This can induce either a sense of increased expectation of problems or a cavalier attitude. We found that the former is more likely to occur than the latter. During the study we also assumed that participants in group A, who did not receive simulator training in the management of malignant hyperthermia, had sufficient theoretical knowledge about malignant hyperthermia. The question also arises whether the use of a simulator is a valid method of estimating subsequent performance in real life. This question is difficult, if not impossible, to answer as any comparative study must involve patients under controlled conditions. Such a controlled experiment would by its very nature mean exposing patients to unacceptable risks. In spite of all these limitations, we believe that high fidelity anaesthesia simulators, when used effectively, do improve the performance of anaesthetists in managing crisis situations during anaesthesia, and thus help in maintaining the quality of their clinical work.
